The Mio-Pliocene Middle Siwalik Subgroup, 
Introduction
The still active Himalayan orogenic system which formed due to collision between the Indian and Eurasian plates that was initiated at 55Ma (Yin and Harrison, 2000 ) is a subject for tectonic studies (Valdiya, 1980; Arita, 1983; Nakata, 1989; Yeats and Lillie, 1991; DeCelles et al., 1998; Mukhopadhyay and Mishra, 1999; Bhattacharyya and Mitra, 2009; McQuarrie et al., 2008; Saha, 2013) . The Himalayan mountain belt is divided into Higher, Lesser and subHimalaya (Fig. 1a) . The sub-Himalayan belt along the frontal part of the Himalayan orogen is occupied by sedimentary rocks of the Siwalik Group which is almost continuous from Pakistan in the west to the Arunachal Pradesh area of India in the east (Gansser, 1964; Yin, 2006) . From different sedimentological accounts it is evident that softsediment deformation structures (SSDS) form a very important component of the sedimentary rocks of the Siwalik Group (e.g., Kumar et al., 2005; Singh et al., 2007; Bhakuni et al., 2012) . Most of the SSDS reported from the Siwalik Group are interpreted as seismites (Kumar et al., 2005; Singh et al., 2007; Bhakuni et al., 2012; cf. Seilacher, 1969) . As a recent example, Kundu et al. (2011) have deduced the soft-sediment deformation structures from the Siwalik succession of the Tista River valley in the Darjiling-Sikkim Himalaya to be seismites. In the Lish River valley, ~3km to the east of the Tista valley, the sedimentary rocks of the Middle Siwalik Subgroup preserve various SSDS at different stratigraphic levels. Here the SSDS are more intensely developed, diverse in nature than the structures found in the Siwaliks of the Tista valley. Here in each deformed lamina set/bedset, the prolific development of SSDS is more pronounced than that in Tista valley section. It perhaps suggests that there is heterogeneous development of SSDS along the trend (E-W) of the Siwalik basin in the Darjiling Himalaya. Therefore, the interpretation presented by Kundu et al. (2011) for the SSDS of Tista valley cannot be considered as type development of such structures in the basin. The present exercise is an attempt to elucidate the origin of the SSDS excellently preserved in the Middle Siwalik succession in the Lish River section, in the Darjiling and Jalpaiguri districts of West Bengal, as a further contribution to the inferred regional importance of such features throughout the sub-Himalaya.
Geological setting
In the Darjiling district the sedimentary rocks of the Siwalik Group occur along the sub-Himalayan belt, to the north of which, quartzite and coal beds of the Gondwana Group are present. The contact between the Siwalik and the Gondwana rocks, represented by a perpetual landslide zone in the Lish valley, is the Main Boundary Thrust (MBT) (Fig. 1b) . To the south of the Siwalik succession, recent alluvium of the present day foreland basin is present (Fig. 1b) . The Siwalik Group is divided into three Subgroups: (i) Lower Siwalik which is essentially fine-to medium-grained sandstone-dominated, (ii) Middle Siwalik in which medium-to coarse-grained sandstone dominates with subordinate amounts of conglomerates and finer rocks and (iii) Upper Siwalik which is typically conglomeratic with subordinate sandstones (Table 1) (Banerji and Banerji, 1982; Acharyya, 1994) . In the area of study, the dominance of mediumand coarse-grained sandstone over the finer grained rocks and also over conglomerates clearly indicates its Middle Siwalik affinity.
The Siwalik succession of the eastern sub-Himalayan area is repeated by thrust faults (Mukul, 2000; Kundu et al., 2011) . In the Lish River valley the repeated sequence of Siwalik sedimentary rocks is ~3km wide along N-S transects (Fig. 1b) . Five north dipping thrusts (BT-1 to BT5, Fig. 1b) have punctuated the sequence. The ~250m thick BT-2 thrust sheet is the thickest of the thrust sheets and therefore is considered as representative of the Middle Siwalik sequence in the Lish valley. The sequence consists of coarse-, medium-and finegrained sandstone, siltstone, mudrocks (both mudstone and mudshale; cf. Ingram, 1954; Stow, 1981) , and heterolithic units (laminated sandstone intercalated with mudstone and siltstone; cf. Reineck and Singh, 1980; Demicco and Hardie, 1994) and conglomerate (Fig. 2) . The detailed sedimentological nature of the Siwalik rocks of the Tista and Lish River valleys was first described by Banerji and Banerji (1982) . They have shown the presence of fine-to coarse-grained sandstones, siltstone and shale. Banerji and Banerji (1982) have proposed an alluvial fan depositional model for the Siwalik sediments of the Darjiling area. They also found mineralogical and textural similarities between the Siwalik rocks and recent sediments of the Tista River. Kundu et al. (2012) , through facies analysis, have suggested an alluvial fan setting in a tectonically active environment for the Middle Siwalik sedimentary rocks of the Tista valley, lying to the west of the Lish valley. In the present study area nine sedimentary facies have been identified. These are: plane laminated or tabular cross-stratified medium-grained sandstone (mostly arkosic) facies; trough cross-stratified coarse-to medium-grained pebbly sandstone (litharenites and arkose) facies; pebble-free coarse-to medium-grained sandstone (dominantly arkosic, some litharenites) facies with sheet geometry; plane laminated and small scale rippled fine-grained sandstone (mostly arkosic) facies; cross-stratified matrix-supported conglomerate facies; matrix-supported massive conglomerate facies; clast-supported cross-stratified conglomerate facies; matrix-supported graded bedded and channel-structured conglomerate facies; heterolithic facies of two distinct types: (i) laminated fine sandstonesiltstone-mudstone (cf, Stow, 1981) and (ii) composite bedsets of siltstone and mud-shale, completely devoid of sandstone. A detailed analysis of facies and facies associations in order to explain the depositional environment of the sediments is presented in Kundu (2012 and is now under revision in another publication).
Soft-sediment deformation structures
SSDS are preserved in different heterolithic bed sets and also in fine-grained sandstones. The deformation structures are folds of varied geometries, flame structures, pseudonodules, water escape structures and breached laminae. In all of the deformed horizons different types SSDS are present in close spatial association with each other. Each of these associations of SSDS is described separately and also interpreted separately as there remains every possibility for distinct sediment horizons to have been deformed by different geological processes (Wheeler, 2002; Moretti and van Loon, 2014 and references therein).
SSDS Association 1
A set of laminae within a heterolithic laminaset preserves several SSDS in close association (Fig. 3) . The most prominent SSDS in this horizon is a broad synform (S in Fig. 3 ) with 0.7m amplitude and moderately inclined limbs, followed upward by an inverted mushroom-shaped fold (M in Fig. 3 ). A tight neutral fold (N in Fig.  3 ) is in close association with these structures. Asymmetric folds, dextral from east (D in Fig. 3 ), comparatively smaller than other structures in this association, are present immediately above the mushroom-shaped and tight neutral folds. The D, M and N folds are southward closing synforms and all the folds in this deformed sediment package have southerly (in conformity with palaeocurrent direction, Banerji and Banerji, 1982) sloping axial traces and east-west trending axes. Antiformal closures of the folds are characteristically absent. The laminae above and below this deformed heterolithic lamina set, are of similar lithological character and are undeformed. From the presence of folds, which are signatures of a compressive regime, their dimensions, similar orientation of closures of different folds, southward slope of fold axial traces indicating down-the-slope movement, absence of upward (antiformal) closures possibly indicating consecutive sediment movements obliterating immediately earlier formed antiforms, and from the presence of undeformed beds above (U in Fig. 3 ) and below, the folds in this association of SSDS are considered as slump folds (cf. Collinson and Thompson, 1982; Allen, 1984; Demicco and Hardy, 1994; Sarkar et al., 1995; Bose et al., 1997) . The observed absence of the same set of laminae within adjacent folds, absence of folds of smaller amplitudes (cmscale), absence of upright axial planes also support interpretation of the folds in this association as slump folds and not as convolute folds (cf. Demicco and Hardy, 1994 and references therein; Sarkar et al., 1995; Bose et al., 1997) .
SSDS Association 2
A heterolithic lamina set, essentially plane laminated, preserves (i) a series of asymmetric folds, sinistral from west with southwardly oriented closure in conformity with the dominant palaeocurrent Fig. 4) , with E-W trending sub horizontal fold axes and northerly steeply dipping axial planes; and (ii) a series of asymmetric folds, dextral from west (D in Fig. 4 ), immediately below the other (S) series of folds. These folds also have E-W trending subhorizontal axes but the axial planes are steeply dipping towards the south. The southward tail of this series of folds is recumbently folded (R in Fig. 4 ). Other extensions of these folded lamina sets are undeformed (U in Fig. 4 ). This deformed lamina set is overlain by an undeformed plane laminated sandstone-siltstone bed set (P in Fig. 4) and is underlain by an undeformed cross-bedded sandstone-siltstone bed set (C in Fig. 4) .
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Any evidence of erosion of the deformed layer is also absent as the closures of the upper series of folds are intact.
SSDS Association 3
In a heterolithic composite bed set, folds and water-escape structures associated with breached laminae are preserved (Fig. 5) . The water escape zone is filled by mudstone (W in Fig. 5 ). Sandstonemudstone laminae at the margin of the water escape structure are curved upward. The folds are at the lower part of this sediment package and are asymmetric disharmonic folds with moderately northerly dipping axial planes (D in Fig. 5 ). The mudstone laminae at the limbs are tapered and terminate at a distance of a few cm away from the fold hinge. Below the water escape pipe, mudstone-sandstone laminae are bent to form a tepee structure (T in Fig. 5 ). The continuity of the laminae is lost near the tepee and the base of the water escape structure and the sedimentary rock exhibits chaotic lamination (C in Fig. 5 ). This association is sandwiched between undeformed bed sets (U in 
SSDS Association 4
In a thick fine-grained sandstone bed, convolute folds with broad hinged synformal and tight antiformal closure (cf. Bose et al., 1997) are preserved (Fig. 6 ). The amplitudes of the folds vary within 15 to 27 cm. The laminae beyond the western limb are almost undeformed while the eastern limb dies out into the massive part of the bed. The 
SSDS Association 5
Within a sandstone bed of about 1m thickness, an ~10cm thick discrete set of sandstone -mudstone laminae is folded into an antiform (A in Fig.7a) to the north and a synform (S in Fig.7a ) to the south and are pinched and die out to the south. Only a few centimetres south of this synform the lamination is chaotic (C in Fig. 7a ). In close proximity to these structures another discrete zone of sandstone -mudstone laminae is folded into a gently dipping neutral fold with sidewise closure (Fig. 7b) . The upper limb of the fold is moderately dipping to the south and the lower limb is steeply dipping towards the north. The lower limb vanishes into featureless sandstone at ~25cm below the hinge. The bed is sandwiched between undeformed beds. The overlying bed is undeformed plane laminated fine-grained sandstone.
SSDS Association 6
In a heterolithic lamina set various SSDS are preserved within a few square metres-sized area of outcrop. These deformation structures are flames, disharmonic folds, chaotic lamination and pseudonodules. The flames (F in Fig. 8a ) involve curving of both sandstone and mudstone layers. The crest of the flame is bent to the north, i.e. against the recorded southward palaeoslope (cf. Banerji and Banerji, 1982) . Folds are restricted to only a set of a few individual laminae within the laminaset (D in Fig. 8b ). The folds are very small in amplitude with blunt and thickened hinges resembling a sectional view of convolute folds (Bose et al., 1997) . A mass of a three-lobed dumbbellshaped nodule of sandstone is present just below the folds (P in Fig.  8b ). This nodule has a tail towards the north. The southern lobe of the dumbbell is the largest. Faint discontinuous traces of laminae are preserved within the nodule lobes and hence these can be regarded as pseudonodules, where individual lobes of the nodule either have not lost contact between them or have amalgamated in the deformational process. Chaotic laminae (C in Fig. 8b ) are also present. 
Discussion

Origin of associations of SSDS
SSDS Association 1
Slump folds may develop due to slope-controlled gravitational movement of unconsolidated sediment (Mills, 1983; Bose et al., 1997; Sarkar et al., 2014) , by large-scale water movements (Siegenthaler et al., 1987) or due to earthquake tremor (Spalluto et al., 2007; Aboumaria et al., 2009) . It is likely that rapid down-slope movement of sediment would deform the underlying sediment if it is unconsolidated. In the present area no deformation signature is attested in the sediment layer underlying the deformed laminae. Neither is even any signature of erosion observed. The folds, though are of different sizes, have axes of similar trend and axial planes with similar direction of slope. According to Simms (2003) penecontemporaneous folds with fold axes oriented in similar fashion develop due to earthquake shocks. Moreover, the presence of various types of folds in close association may also indicate seismic-shock induced liquefaction followed by fluidization and mass flow in a plastic state (Dzulynski and Smith, 1963; Collinson and Thompson, 1982; Bhattacharya and Bandyopadhyay, 1998; Rajchl, 1999; Wang et al., 2010) . The restricted presence of these soft-sediment deformation structures between overlying and underlying undeformed fine-grained sedimentary beds therefore, supports earthquake induced liquefactionfluidization (cf., Sarkar et al., 1995; Bose et al., 1997) . However, lateral extent of the deformed horizon cannot be traced due to inaccessibility; absence of related data alone cannot exclude the possibility of earthquake trigger (Moretti and van Loon, 2014) .
SSDS Association 2
In this association folds with similar geometry but oppositely oriented closures and axial planes are preserved. Laminae may be folded by an autokinetic process involving the process of sedimentation itself or by an allokinetic process involving an earthquake trigger (Leeder, 1987; Røe and Hermansen, 2006) . Alluvial fans are an ideal setting for the genesis of fluvial process-induced soft-sediment deformation (Zieliñski and Van Loon, 1999a; 2000; Went, 2005) . If the Middle Siwalik layer-bound folds had been formed by channel processes in an alluvial fan where rhythmic reversal of flow direction was absent, it is likely that folds would have had closures with similar orientation. It is also likely that the fold crests would attest to erosion if any water flow with enough energy to liquefy and/or erode a sediment layer had been active above the sediments. On the contrary the presence of an undeformed thin sandstone-siltstone interlaminated horizon over the deformed sediment package suggests a low energy fluid flow unable to liquefy and deform the underlying sediment. Overturning of laminae into recumbent folds may also be a result of liquefaction of sediment due to earthquake or the effect of drag of sand-loaded flow over the sediment substrate (McKee et al., 1962; Døe and Dott, 1980; Owen, 1995; Røe and Hermansen, 2006) . The horizon studied here contains various SSDS together, SSDS associations similar to which have been recognised as seismites (Bose et al., 1997; Rodriguez-Pascua et al., 2000; Wheeler, 2002) . The lateral extent of the horizon with SSDS, which according to some opinions is a mandatory criterion for establishing SSDS as seismites (Sims, 1975; Hilbert-Wolf et al., 2009; Owen et al., 2011 and references therein) and to others (Moretti and van Loon, 2014) it is not, could not be established mainly due to inaccessibility and vegetation cover. However, the possibility of earthquake induced liquefaction is strengthened by the presence of undeformed beds above and below the deformed horizon (Cojan and Thiry, 1992; HilbertWolf et al., 2009) . The presence of folds in restricted lamina sets points to momentary disturbances, likely earthquakes. Two different lamina sets with varying styles of folding possibly suggest different earthquake events in quick succession, or possibly result from aftershocks.
SSDS Association 3
Water escape structures can form if liquefied sediment migrates upward through cracks (Collinson and Thompson, 1982) . This upward migration can develop shear stress which is responsible for snapping and bending of laminae at the margin of the water escape pipe (Tasgin and Turkmen, 2009 and references therein) . In the present example, just below the escape pipes filled by mud, tepee structures with upward-directed apices point to an upward drag towards the void due to fluidisation through the water escape pipe. The folds have varied closure orientations and might thus not have formed by fluvial (autokinetic) processes. The folds across which lamination is not destroyed are signatures of deformation in a hydroplastic state facilitated by liquefaction (Bhattacharya and Bandyopadhyay, 1998; Rajchl, 1999; Jones and Omoto, 2000; Wang et al., 2010) . The chaotic portion of the bedset in close association with these structures indicates intense liquefaction of this portion of sediment in a softstate and concomitant movement of sediment particles that destroyed the primary structure. Therefore, all these structures taken together cannot support a fluid flow above the sediment, directly in contact with the sediment, as having been responsible for triggering the deformation. Earthquake tremors are likely causes of formation of such water escape structures where gravitational pull or overloading is normally not responsible (Lowe, 1975; Moretti et al., 1999) . Several SSDS present together, restricted presence of the deformed bed between undeformed overlying and underlying beds, absence of overlying erosion surface, presence of fine sandstone or finer-grained sediment above together suggest an earthquake trigger (Bhattacharya and Bandyopadhyay, 1998; Wheeler, 2002; Kundu and Goswami, 2008 ).
SSDS Association 4
Folding of sediment within a particular horizon may happen due to seismic shaking (Schnellmann et al., 2002; Spalluto et al., 2007; Aboumaria et al., 2009 ) but such folds are commonly associated with other SSDS. The absence of any other SSDS with these convolute folds (cf. Bose et al., 1997) in Association 4 imposes a restriction on interpreting the structures as seismites. The folds might have formed due to slope-bound downward movement of liquefied sediment in a plastic state (cf. Bhattacharya and Bandyopadhyay, 1998; Tasgin and Turkmen, 2009 ). The scanty presence of the folds points to slope controlled flow of sediment load. Alluvial fans are regarded as a favourable setting for the origin of SSDS (Went 2005; Van Loon, 2009 ). The rocks in the present study have been interpreted as having been deposited in an alluvial fan palaeoenvironment (Banerji and Banerji, 1982; Kundu, 2012) . As mass flow deposition is a common phenomenon in this environment and irregular sedimentation is controlled by unstable density gradients due to rapid fluctuation of stream energy and sediment load (Plint and Wadsworth, 2003) , it is likely that these folds were formed by channel processes under control of a favourable slope (Mills, 1983; Bose et al., 1997) and influenced by large-scale water movements (Siegenthaler et al., 1987) . The lateral continuity of the deformed horizon, which is one of the criteria for a deformed bed to be a candidate for hosting seismites (Sims, 1975; Hilbert-Wolf et al., 2009; and references therein), though could not be tested due to the same reason mentioned earlier: the rarity of the massive fine-grained sandstone facies as host of SSDS in the area of study and the lone presence of the fold without any associated structure of different geometry establishes it as a non-seismic structure.
SSDS Association 5
The sand-mud interlamination in a massive bed must logically be a product of differential compaction and liquefaction. Probably the entire bed was not liquefied and thus transport of the liquefied sediment was restricted up to a specific level within the sediment. At this level, with ensuing quiescence, the sediment was resettled by separation of the sand and mud under the action of gravity. Recurrent disturbance might have caused repetitive liquefaction and resettling of sand-mud. This process was favoured by the physical character of the sediment in this portion of the massive sand bed. The expulsion of pore water, the phenomenon that is suggested to be responsible for formation of chaotic layering (Williams, 1970; Owen, 1995) was most likely triggered by an external event, which may have been an earthquake. The presence of different deformation structures like chaotic arrangement of laminae, and two completely different types of folds in close association within the same sediment horizon also suggest that the liquefaction was due to seismic shock and not due to fluvial traction by a sand-laden flow on the top of the deformed bed. This is also substantiated by the absence of current structures above this deformed horizon. The observed presence of undeformed fine sedimentary rock on the top of the association excludes the possibility of loading from the top.
SSDS Association 6
Differential dynamic viscosity of the different constituent materials in heterolithic horizons may lead to formation of flames (Neuwerth et al., 2006) . According to Collinson and Thompson (1982) flames may form by guided fluidization of layers having contrasting densities. The studied flames are bent to the north, i.e. opposite to the palaeoslope, which was to the south (cf. Banerji and Banerji, 1982; Kundu, 2012) . This in turn suggests that fluvial drag was not responsible for formation as well as northward bending of the flames (cf. Bose et al., 1997) . The role of differential loading and concomitant liquefaction as suggested by some authors (cf. Dasgupta, 1998) can also be ruled out because of the absence of deformation in the overlying fine-grained layer and absence of scour in the upper bounding surface of the deformed sediments. Earthquake induced liquefaction, fluidization and resultant expulsion of pore water lead to formation of folds in sediments behaving hydro-plastically (Cojan and Thiry, 1992; Owen, 1996; Bhattacharya and Bandyopadhyay, 1998; Samaila et al., 2006) . Unbroken tops of the folds rule out the role of flowing water (Selley, 1970) . The dumbbell-shaped pseudonodule was formed possibly by separation of sand from the fluidized sediment due to differential compaction. The absence of features indicating load from the top suggests this compaction was due to external shock like an earthquake. The presence of different SSDS together in the same bed set also suggests an earthquake trigger (Wheeler, 2002) .
The regional picture and significance of the study area
The Siwalik sedimentary rocks in most of the areas along the Himalayan range are interpreted as fluvial (Nakayama and Ulak, 1999; Brozovic and Burbank, 2000; Sharma et al., 2002) and alluvial fan sediments (Banerji and Banerji, 1982; Thomas et al., 2002; Kumar et al., 2003; Kundu et al., 2012) accumulated by channels draining the tectonically active hinterland to the north. The alluvial fan setting is a common environment where channel process induced soft-sediment deformation takes place (Went, 2005; Van Loon, 2009 ). The fan development in the Siwalik basin on the Himalayan foreland was concomitant with the thrust propagation (Raiverman, 2002) .
The Siwalik basin was the Mio-Pliocene foreland basin of the active Himalayan orogen (Yin, 2006 and references therein). The Siwalik sedimentation took place between ~11 Ma and 7 Ma during and after the uplift of the Greater Himalayan Crystalline Complex (GHCC) (Sangode et al., 1996; Meigs et al., 1995; DeCelles et al., 1998; White et al., 2001, Ranjan and Banerjee, 2009 ) and also during the uplift of the Lesser Himalaya (Yin, 2006 and references therein; Ranjan and Banerjee, 2009 ). The Middle Siwalik basins in the Darjiling Himalaya received sediments from both the GHCC and the Daling Group of rocks of the Lesser Himalaya (Raina, 1976; Kundu et al., 2012) . Development of fans should have passed through tectonically active phases of thrust movements when the mountain front advanced to the south into the foreland and intermediate tectonically quiet phases with the fans experiencing erosional activity. During the sedimentation in Siwalik basins in the Eastern Himalaya the phases of seismicity were possibly induced by activities along the Main Detachment Fault, the South Tibet Detachment, Main Central Thrust, Lesser Himalayan thrusts and the north-south trending rifts (Harrison et al., 1995; Edwards and Harrison, 1997; Huyghe et al., 2001) . Meigs et al. (1995) suggested a Mid-Late Miocene age for the MBT which has brought the Lesser Himalayan metasediments over the Siwalik sediments. Therefore the earthquakes generated from the activities of MBT were almost coeval with Middle Siwalik sedimentation and must have influenced the deformation of the Siwalik sediments.
A number of facts, namely: that the sedimentary rocks preserving the SSDS were deposited in the foreland basin of an tectonically active orogen in the vicinity of foreland-ward propagating thrusts; that in each of the identified SSDS associations the SSDS of different geometries, except in case of SSDS Association 4, are spatially closely associated within the same sediment unit; that deformed horizons are sandwiched between undeformed horizons and fineness of the host sediments, together, indicate that the liquefaction of sediments was triggered by repetitive earthquake shocks generated due to faulting (cf. Sims, 1975; Hilbert-Wolf, 2009; Pandey et al., 2009; Gibert et al., 2011; Moretti and Ronchi, 2011; . Many scientists favour a vast lateral extension of the deformed horizons as a clue for identifying seismites (Sims, 1975; Obermeier et al., 1990; , however to others, such a criterion is not a mandatory one (Moretti and van Loon, 2014) . Occurrence of repetitive earthquake triggers is also suggested by the presence of SSDS in only a few of the horizons of the fine-grained particularly heterolithic facies in the entire sequence (cf. Moretti and Ronchi, 2011) . To examine the relationship between earthquake magnitude and liquefaction of sediment, Castilla and Audemard (2007) have shown that thrusting-induced earthquakes of magnitude between 5.5 and 7 can liquefy sediments within 150 km of the epicentre. Other authors proposed that an earthquake of magnitude as low as 2-3 is sufficient for liquefaction (Seed and Idris, 1971) . The Siwalik basin was well within 150 km from the Lesser Himalayan thrusts and the north-south trending rifts. The MBT, which possibly was activated during the Siwalik deposition, was at a few km to the north of the Siwalik Basin. Therefore, Siwalik sediments were presumably easily liquefied by the thrust/rift generated seismicity.
Therefore, both the tectonic and depositional settings of the Siwalik sediments of the study area were favourable for the formation of SSDS. In Association-4 only one variety of deformation structure is present and the morphology of these folds indicates the genetic influence of channel process and slope controlled deformation.
Conclusions
The Middle Siwalik sediments in the Lish Valley of the Eastern Himalaya were deposited in an alluvial fan setting. The sedimentary rocks preserve different types of associations of soft-sediment deformation structures. The sedimentation took place during tectonic activities occurred along the Lesser Himalayan Thrusts, the Main Boundary Thrust, the Main Central thrust, the South Tibet Detachment and the north-south trending rifts, which caused repeated seismicity. Both seismic disturbances and deposition in alluvial fan setting at the toe of the mountain where slope breaks were favourable for deformation of unconsolidated sediment, played a role in forming the observed soft-sediment deformation structures (SSDS). Associations of SSDS, their morphology and relations with overlying and underlying strata indicate that all of the associations except one were formed due to seismic disturbance, and that the exception was formed by the depositional process itself perhaps indicating pause of seismic activity during that time. Within the study area thus, seismic genesis of SSDS was paramount above depositional processes within the sedimentary setting.
